The reactions of heme- and verdoheme-heme oxygenase-1 complexes with FMN-depleted NADPH-cytochrome P450 reductase. Electrons required for verdoheme oxidation can be transferred through a pathway not involving FMN.
Electrons utilized in the heme oxygenase (HO) reaction are provided by NADPH-cytochrome P450 reductase (CPR). To investigate the electron transfer pathway from CPR to HO, we examined the reactions of heme and verdoheme, the second intermediate in the heme degradation, complexed with rat HO-1 (rHO-1) using a rat FMN-depleted CPR; the FMN-depleted CPR was prepared by dialyzing the CPR mutant, Y140A/Y178A, against 2 m KBr. Degradation of heme in complex with rHO-1 did not occur with FMN-depleted CPR, notwithstanding that the FMN-depleted CPR was able to associate with the heme-rHO-1 complex with a binding affinity comparable with that of the wild-type CPR. Thus, the first electron to reduce the ferric iron of heme complexed with rHO-1 must be transferred from FMN. In contrast, verdoheme was converted to the ferric biliverdin-iron chelate with FMN-depleted CPR, and this conversion was inhibited by ferricyanide, indicating that electrons are certainly required for conversion of verdoheme to a ferric biliverdin-iron chelate and that they can be supplied from the FMN-depleted CPR through a pathway not involving FMN, probably via FAD. This conclusion was supported by the observation that verdoheme dimethyl esters were accumulated in the reaction of the ferriprotoporphyrin IX dimethyl ester-rHO-1 complex with the wild-type CPR. Ferric biliverdin-iron chelate, generated with the FMN-depleted CPR, was converted to biliverdin by the addition of the wild-type CPR or desferrioxamine. Thus, the final electron for reducing ferric biliverdin-iron chelate to release ferrous iron and biliverdin is apparently provided by the FMN of CPR.